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(57) ABSTRACT 
A crisper drawer for postponing postharvest produce dete 
rioration having a drawer housing that Substantially defines 
the size and shape of the crisper drawer and fits within a 
residential refrigerator. A chamber within the drawer hous 
ing is cooled by the refrigerator. An oZone generator pro 
vides gaseous oZone to the chamber, and an ethylene Scrub 
ber reduces levels of ethylene in the chamber. An ozone 
level control with the ozone generator controls ozone levels. 
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REFRGERATOR CRISPER AND 
OZONATION SYSTEMAND METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a Continuation in Part claiming prior 
ity to U.S. patent application Ser. No. 13/668.447 filed on 
Nov. 5, 2012 which is a Continuation in Part application 
claiming priority to U.S. patent application Ser. No. 13/368, 
195 filed on Feb. 7, 2012 which is a Continuation in Part 
application claiming priority to U.S. patent application Ser. 
No. 13/013,327 filed on Jan. 25, 2011 and also claims 
priority to U.S. Provisional Patent Application Ser. No. 
61/615,994 filed on Mar. 27, 2012; this application is also a 
Continuation-in-Part application claiming priority to Inter 
national Application Number PCT/US2013/25151, filed 
Feb. 7, 2013, which is a Continuation of U.S. patent appli 
cation Ser. No. 13/368,195, filed on Feb. 7, 2012, which is 
a Continuation-in-Part application claiming priority to U.S. 
patent application Ser. No. 13/013,327 filed on Jan. 25. 
2011; the entire contents of which are hereby incorporated 
by reference. 

FIELD OF THE INVENTION 

The present invention relates to the field of produce 
storage chambers designed to reduce spoilage. More spe 
cifically, to a refrigerator crisper drawer that exposes pro 
duce to OZone and an ethylene Scrubber. 

BACKGROUND OF THE INVENTION 

Due to various nutrient and antioxidant profiles, con 
Sumption of fresh produce is generally accepted as essential 
to a healthy diet. Regular consumption of fruit is associated 
with reduced risks of cancer, cardiovascular disease (espe 
cially coronary heart disease), stroke, Alzheimer's disease, 
cataracts, and some of the general functional declines asso 
ciated with aging. Diets that include a sufficient amount of 
fruits and vegetables also help reduce the chance of devel 
oping kidney Stones and may help reduce the effects of bone 
loss. Fruits are also low in calories and are often integral to 
weight loss plans and generally healthy, balanced diets. 

Most fruits and vegetables ripen after they are removed 
from their associated plants and Stalks. Such ripening often 
changes the characteristics of the produce, including altering 
Sweetness levels, texture, and firmness. Consumption of 
fruits and vegetables at the optimal point in the ripening 
process helps maximize not only taste and enjoyment of 
these foods, but may also maximize their health benefits. 

Ripening is a natural process which is primarily a result 
of the production of ripening enzymes, many of which are 
triggered by the release of ethylene by the produce. Ethylene 
is a simple hydrocarbon gas produced when a fruit ripens, 
and is known to promote the upregulation of genes that 
cause the expression of enzymes that foster ripening. These 
enzymes may change the color of the skin as chlorophyll is 
degraded, aid in the production of new pigments, foster the 
breakdown of acids that make fruit taste sour, convert 
starches into Sweet Sugars, and soften pectin. 

Maintaining most fruits and vegetables in a Sufficiently 
cold state after harvest helps extend and ensure shelf life, 
most notably by reducing the release of ethylene. However, 
storage of produce in an isolated area without refrigeration 
causes a build up of ethylene and results in faster ripening 
(and rotting) of fruits and vegetables. 
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2 
OZone is a pungent, naturally-occurring gas possessing 

strong oxidizing properties, and has a long history of safe 
use in the disinfection of water sources. OZone rapidly 
attacks bacterial cell walls and is generally thought to be a 
more effective anti-pathogenic agent against plant spores 
and mammalian parasites than chlorine. OZone is reported to 
have 1.5 times the oxidizing potential of chlorine, yet 
contact times for this antimicrobial action are typically 4-5 
times less than that of chlorine, all without the unwanted 
byproducts associated with chlorine. OZone is also known to 
degrade ethylene. 
Most households contain refrigerators, and most of these 

have crisper drawers. These drawers typically employ a slide 
mechanism to control the humidity within the drawer. Clos 
ing the slide (reducing the size of the opening from the 
drawer to the larger inner compartment of a refrigerator) 
raises the humidity within the crisper. Opening the slide 
(increasing the size of the opening from the drawer to the 
larger inner compartment of the refrigerator) decreases the 
humidity in the crisper. Controlled humidity keeps the 
vegetables from drying out, allowing them to retain their 
nutritional content, freshness and crispness for longer peri 
ods. They are typically positioned at the bottom of the 
refrigerator to take advantage of the coolest regions of air 
within the refrigerator. 

There are a number of disadvantages associated with 
crisper drawers. First, these devices are set to a temperature 
that is fixed in relation to the temperature of the main 
refrigerator compartment. This is not always the ideal tem 
perature for postponing post-harvest produce spoilage. Sec 
ond, by enclosing produce in a Substantially enclosed cham 
ber, the levels of ethylene increase, thus promoting post 
harvest produce spoilage. Accordingly, there is a need in the 
art of produce storage and crisper drawers for a robust 
chamber for use with fresh fruits and vegetables. 

SUMMARY OF THE INVENTION 

In view of the foregoing background, it is therefore an 
object of the present invention to provide a refrigerator 
crisper drawer capable of encasing produce, having a tem 
perature regulation means, at least one oZone generation 
unit, and at least one ethylene scrubber. The crisper is 
therefore capable of delaying postharvest produce deterio 
ration using temperature control, oZone generation, and 
ethylene Scrubbing. 
One embodiment of the present invention contemplates a 

refrigerator crisper drawer that postpones postharvest pro 
duce deterioration. In particular, a drawer housing Substan 
tially defines the size and shape of the crisper drawer. The 
drawer housing also has a sufficient size and dimension to fit 
in a residential refrigerator. An oZone generator provides 
gaseous oZone to the chamber of the drawer housing, and an 
ethylene scrubber reduces levels of ethylene in the chamber 
of the drawer housing. An ozone level control with the ozone 
generator controls OZone levels. 

Embodiments of the crisper drawer also employs means 
to control ethylene levels, a thermostat with the refrigerator, 
and a thermostat with the refrigerator for separately con 
trolling temperature in the chamber of the drawer housing. 

In related embodiments, the ethylene scrubber comprises 
potassium permanganate and/or comprises a titanium oxide 
photocatalyst. The oZone generator is a high frequency 
corona discharge oZone generator and/or an ultraviolet light 
SOUC. 

In an embodiment, the refrigeration system preferably 
maintains chamber temperature from approximately 10° C. 
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to 20°C., but more preferably maintains chamber tempera 
ture from approximately 12° C. to 14°C. The ozone gen 
erator maintains chamber oZone concentration from 
approximately 0.005 ppm to approximately 0.35 ppm, and 
preferably maintains chamber oZone concentration from 
approximately 0.05 ppm to approximately 0.15 ppm. The 
chamber relative humidity is maintained from approxi 
mately 80% to 100%. Chamber ethylene concentration is 
maintained at less than 0.015 ppm. 

In a related embodiment, an insulated crisper drawer for 
postponing postharvest produce deterioration comprises a 
drawer housing with a substantially sealed interior chamber 
capable of encasing produce. The drawer housing Substan 
tially defines the size and shape of the crisper drawer, and 
the drawer housing has a Sufficient size and dimension to fit 
in a residential refrigerator. The interior chamber of the 
drawer housing is chilled by the refrigerator. An ethylene 
scrubber within the interior chamber is capable of reducing 
interior chamber ethylene gas concentrations to delay post 
harvest produce deterioration. A refrigeration system in 
communication with the interior chamber for the purpose of 
maintaining an interior chamber temperature delays post 
harvest produce deterioration and maintains a relative 
humidity in the interior chamber that delays postharvest 
produce deterioration. An oZone generator in communica 
tion with the interior chamber maintains a chamber ozone 
concentration that delays postharvest produce deterioration. 
The invention also contemplates a method of reducing 

postharvest produce deterioration comprising the steps of 
placing produce within an interior of a crisper drawer 
housed inside a refrigerator; cooling the interior of the 
crisper drawer to a temperature from about 10° C. to 20°C.; 
introducing gaseous oZone into the interior of the crisper 
drawer to maintain a crisper drawer oZone concentration 
between approximately 0.005 ppm and approximately 0.35 
ppm, and maintaining a relative humidity within the interior 
of the crisper drawer ranging from about 80% to 100% 
relative humidity. In a related method, ethylene is scrubbed 
from the crisper drawer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the invention, reference is 
made to the following detailed description, taken in connec 
tion with the accompanying drawings illustrating various 
embodiments of the present invention, in which: 

FIG. 1 illustrates a front perspective view of one embodi 
ment of the crisper; 

FIG. 2 illustrates a top view of one embodiment of the 
crisper; 

FIG. 3 illustrates a side cutaway view of the embodiment 
of the crisper shown in FIG. 2; 

FIG. 4 illustrates an example of an oZone generation 
circuit; 

FIG. 5 illustrates a front perspective view of one embodi 
ment of the crisper installed in a refrigerator; and 

FIG. 6 illustrates a side cutaway view of one embodiment 
of the crisper installed in a refrigerator. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In the Summary of the Invention above and in the 
Detailed Description of the Invention and in the accompa 
nying drawings, reference is made to particular features 
(including method steps) of the invention. It is to be under 
stood that the disclosure of the invention in this specification 
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4 
includes all possible combinations of Such particular fea 
tures. For example, where a particular feature is disclosed in 
the context of a particular aspect or embodiment of the 
invention, that feature can also be used, to the extent 
possible, in combination with and/or in the context of other 
particular aspects and embodiments of the invention, and in 
the invention generally. 
The term “comprises” is used herein to mean that other 

elements, steps, etc. are optionally present. When reference 
is made herein to a method comprising two or more defined 
steps, the steps can be carried in any order or simultaneously 
(except where the context excludes that possibility), and the 
method can include at least one step which are carried out 
before any of the defined steps, between two of the defined 
steps, or after all of the defined steps (except where the 
context excludes that possibility). 

In this section, the present invention will be described 
more fully with reference to the accompanying drawings, in 
which preferred embodiments of the invention are shown. 
This invention may, however, be embodied in many different 
forms and should not be construed as limited to the embodi 
ments set forth herein. Rather, these embodiments are pro 
vided so that this disclosure will be thorough and complete, 
and will convey the scope of the invention to those skilled 
in the art. 
As illustrated in FIGS. 1 through 5, the invention is 

directed to a refrigerator crisper drawer 100 used to store 
fruits, vegetables and/or other related perishable foods to 
ensure ripeness. The crisper drawer 100 helps regulate the 
temperature and humidity of produce and to ensure regu 
lated and reduced levels of ethylene. In doing so, the crisper 
drawer 100 maintains the ripeness of produce stored within 
its confines. The invention contemplates a design for use in 
residential and commercial refrigerators, both self-contained 
and walk-in units. 
As shown in FIG. 1, the crisper's 100 structure generally 

comprises housing sides 102, a housing front 104, a housing 
rear 106, and a floor 108 (shown in FIG. 2). Though the 
crisper 100 is illustrated having a substantially cuboid form, 
the crisper shape can be varied and manufactured to accord 
ingly fit within the confines of various refrigerator shapes 
and internal refrigerator contours. 

With reference to FIGS. 1-3, in a preferred embodiment, 
a holder 110 for an ethylene sachet 112 is installed on a 
surface 102, 104, 106, 108 of the crisper 100. To foster 
ethylene removal from proximate the produce in the crisper 
100, media for the purpose of scrubbing ethylene from the 
air is present placed in the holder 110. The media is at least 
one of activated alumina, Vermiculite, Zeolite, and silica gel. 
The media is impregnated with potassium permanganate 
(KMnO). The mass of media utilized is tailored to the size 
of the crisper 100. Media pore size, pore volume, surface 
area, and bulk density are also tailored to the size of the 
crisper 100. Media with lower bulk density is desired over 
the same mass of media possessing a higher bulk density, 
due to the greater surface area of the lower bulk density 
media providing greater availability of KMnO, to ethylene 
gas. The mass, pore size, pore Volume, Surface area, and bulk 
density required for the crisper 100 will be readily apparent 
to those skilled in the art. The media performs two primary 
functions: 1) to provide an absorptive surface to trap ethyl 
ene gas molecules, and 2) to provide a Substrate on which 
KMnO is carried. KMnO is an oxidizing agent that reacts 
with ethylene, oxidizing it to ethylene glycol which does not 
markedly affect produce ripening. The crisper 100, in a 
preferred embodiment, comprises at least one sachet 112 
containing 5 mg KMnO impregnated Zeolite. Besides or in 
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conjunction with Sachets, KMnO impregnated filters and 
pellets may be used in the crisper 100. 

In another embodiment, ultraviolet light-mediated photo 
catalysis of titanium oxide reduces ethylene levels in the 
crisper 100 (the ultraviolet light source is optically seques 
tered from the produce). In one embodiment of the crisper 
100, at least one dedicated pocket, bag, shelf, hook, or net 
provides a location for at least one Sachet containing ethyl 
ene scrubbing media, all of which are referred to as holders 
110. 

Titanium dioxide is known to be a photocatalyst under 
ultraviolet (UV) light. When Titanium dioxide is spiked with 
nitrogen ions or doped with metal oxide like tungsten 
trioxide, it is also a photocatalyst under either visible or UV 
light. The titanium dioxide photocatalytic reaction breaks 
down ethylene gas into carbon dioxide and water vapor. 
Additionally, photocatalytic oxidation provides the added 
benefit of reducing bacteria, molds, and odors. In one 
embodiment of the invention, a titanium dioxide photocata 
lyst is in communication with the crisper 100 for the purpose 
of Scrubbing ethylene gas and preventing the premature 
ripening and spoiling of the fruits and vegetables contained 
within the crisper 100. 

In one embodiment of the invention, the crisper 100 
comprises a means to generate gaseous oZone, as is illus 
trated in FIGS. 1-3, as is depicted by an oZone-generating 
electrode 114. Ozone cannot be stored and transported like 
most other industrial gases, so must therefore be locally 
produced. OZone can be produced in a number of ways 
known in the art. The most common methods are by the use 
of ultraviolet light and corona discharge. The levels of ozone 
produced within the crisper 100 are between approximately 
0.005 ppm and approximately 0.35 ppm ozone, and prefer 
ably approximately 0.05 ppm to approximately 0.15 ppm. 
The corona discharge method of ozone is employed for 

many industrial and personal uses. While multiple variations 
of the “hot spark' corona discharge method of ozone pro 
duction exist, these units usually work by means of a corona 
discharge tube (one embodiment of the electrode 114). 
Corona discharge tubes are typically cost-effective and do 
not require an oxygen source other than the ambient air to 
produce oZone. In one embodiment of the invention, oZone 
is generated with a corona discharge device. In such a 
device, air passes through an electrical field wherein oZone 
is generated. The preferred embodiment of an oZone gen 
erator is a variation of the corona discharge method. 

FIG. 4 illustrates an example of an illustrative embodi 
ment of a circuit 116 used to drive the generation of ozone 
via corona discharge. This circuit 116 comprises a silicon 
controlled rectifier Q1, which is a positive-negative-posi 
tive-negative (PNPN) four-layer semiconductor device that 
normally acts as an open circuit, but Switches rapidly to a 
conducting state when an appropriate gate signal is applied 
to the gate terminal. In this application, it operates as a full 
wave rectified high voltage on-off generator to drive the 
primary winding of step up transformer T001. As the for 
ward Voltage across the anode and cathode is adjusted by the 
potentiometer R5, the amount of current into the transformer 
and the rate of oscillation is controlled. 
A Suppression ("snubber) circuit comprising a resister 

R4 and capacitor C2 protect the silicon controlled rectifier 
Q1 from overvoltage damage. Gate turn-on current is Sup 
plied by resister R2. Diodes D2 and D3 complete the full 
wave circuit. Capacitor C1 provides alternating current 
isolation as well as adequate current to drive the circuit 116. 
An electrode 114 in communication with the circuit 116 is 

ultimately responsible for the production of ozone. As the 
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6 
primary winding of the transformer T001 is excited, the 
secondary winding of the transformer T001 drives a high 
Voltage potential into a coiled metal element inside the 
electrode 114 that exceeds the dielectric breakdown of dry 
air, which in turn excites electrons to produce a positive 
corona that is initiated by an exogenous ionization event in 
a region of high potential gradient. The electrons resulting 
from the ionization are attracted toward the coiled electrode, 
and the positive ions repelled from it. By undergoing inelas 
tic collisions closer and closer to the curved electrode, 
additional molecules are ionized in an electron cascade. The 
electron collisions excite the positive ions so that photons of 
short wavelength light are emitted. It is this that gives a 
blue-purple corona discharge its characteristic glow. These 
photons play an important part in producing the new seed 
electrons which are required to Sustain the corona and for 
ozone to be continuously produced. The levels of ozone 
produced by this circuit and electrode combination, when 
installed in the crisper are between approximately 0.005 
ppm and approximately 0.35 ppm oZone, and preferable at 
approximately 0.05 ppm to approximately 0.15 ppm oZone. 
Because of the high reactivity of oZone, materials employed 
in electrode construction include stainless steel (quality 
316L), titanium, aluminum (as long as no moisture is 
present), glass, polytetrafluorethylene, or polyvinylidene 
fluoride. Silicone rubbers may also be employed since ozone 
concentrations in the present invention are relatively low. 

In one embodiment of the invention oZone is generated 
with an ultraviolet (UV) lamp. A UV lamp emitting light at 
approximately 185 nm in the presences of air (which is 
approximately 21% oxygen) will cause some diatomic oxy 
gen (O) molecules to split, resulting in single oxygenatoms 
(O) that bind to other diatomic oxygen molecules to form 
oZone (O). UV mediated oZone generation is advantageous 
in the current invention, for it is not susceptible to nitric 
oxide formation, as are some corona discharge-based 
devices operating in a humid environment. 

Referring again to FIGS. 2 and 3, in one embodiment the 
crisper 100 comprises a divider 118. The divider comprises 
air passageways 122. Such as, without limitation, slots, 
holes, grates, or perforations. The divider 118 serves a 
number of purposes: First, the divider protects the electrode 
114 from accidental breakage; Second, in the case of a UV 
source, the divider 118 protects a user's eyes from poten 
tially harmful UV radiation; and Third, the divider 118 
houses a fan 120. 
The fan 120 promotes circulation of ozone gas, air, and 

circulation of ethylene gas proximate the ethylene Sachet 
112. The air passageways 122 allow gas circulation between 
the produce compartment 124, produce within the produce 
compartment 124, and the rear compartment 126, these 
compartments 124, 126 being defined by the placement of 
the divider 118. The fan 120 also promotes a more even 
temperature within the crisper 100. 

FIG. 5 illustrates one embodiment of the crisper 100 
installed in a refrigerator 128. In this example, the crisper 
100 is situated “side-by-side another drawer 130. In one 
embodiment the drawer 130 is an additional crisper 100. In 
another embodiment, the crisper 100 is the only drawer in a 
refrigerator. In another embodiment, the crisper 100 is 
situated above or below another drawer 130 or an additional 
crisper 100. 

FIG. 6 illustrates an embodiment of the crisper 100, 
wherein the shape of the crisper 100 is contoured to maxi 
mize the available space within the refrigerator 128. 

With continuing reference to FIG. 6, an embodiment of 
the invention comprises a heater 131 to maintain the crisper 
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100 at a temperature higher than that in the main compart 
ment 132 of the refrigerator 128. The crisper 100 is main 
tained at a temperature ranging from 8°C. to 17°C., with the 
preferred temperature being 13°C. The heater 131 is at least 
one of an electric heating element, thermoelectric heating 5 
device, gas heating element, or a means to Scavenge heat 
generated by the refrigerator's 128 compressor 132. 

In one embodiment, Scavenging heat is accomplished by 
turning on a heating fan 134 that blows heated air generated 
by the compressor 132 through a conduit 136 proximate the 10 
crisper 100. A flap 138 blocks the conduit 136 from being 
heated by hot air currents, but opens by the vacuum created 
by the operating heating fan 134. Hot air is exhausted from 
the conduit 136. 
A controller 140 houses the electronics necessary for the 15 

crisper 100 to function. In particular, the controller 140 
constantly monitors the temperature within the crisper 100. 
Preferably, the crisper maintains produce at temperatures 
recommended by the United States Department of Agricul 
ture Guidelines and guidelines proffered by the Produce 20 
Marketing Association. A thermostat input dictates when 
heater 131 must regulate the crisper's 100 temperature. Such 
information may be displayed by a digital readout. Addi 
tionally, an embodiment of the controller 140 houses the 
circuit 116 to drive the ozone generator. Other embodiments 25 
contemplated by the invention include means to measure, 
control, or display the humidity of the crisper 100. Other 
embodiments contemplated by the invention include means 
to measure, control, or display the ethylene concentrations 
of the crisper 100. 30 
Method of Reducing Postharvest Produce Deterioration 
The present invention contemplates a method of reducing 

the severity of postharvest produce deterioration. The 
method preferably utilizes the crisper 100 described herein. 
The method includes the step of placing produce in the 35 
crisper 100 of a suitable size and dimension to encase the 
produce. The crisper 100 is capable of being substantially 
sealed. The crisper 100 is maintained at a temperature 
ranging from 8°C. to 17°C., with the preferred temperature 
being about 13°C. Additionally, ozone is introduced into the 40 
chamber so that a chamber oZone concentration is main 
tained from approximately 0.005 ppm to approximately 0.35 
ppm, with a preferred concentration range between approxi 
mately 0.05 ppm to approximately 0.15 ppm. A high cutoff 
point of approximately 0.3 ppm oZone may be maintained to 45 
ensure that ozone levels remain below permissible levels as 
established by Occupational Health and Safety Administra 
tion (OSHA) regulations. In a preferred embodiment, the 
ozone is introduced into the crisper 100 by an ozone 
generator that is installed within the crisper. In one embodi- 50 
ment, ethylene is scrubbed from the chamber environment. 
In a preferred embodiment, ethylene concentrations within 
the chamber remain below 0.015 ppm. Preferably, 5-gram 
Sachets of potassium permanganate are placed within the 
crisper 100 for the purpose of ethylene scrubbing, though 55 
other methods of ethylene scrubbing will be clear to those 
skilled in the art. The step of maintaining a relative humidity 
from 70% to 100% within the chamber is also contemplated 
with a preferred relative humidity level being about 95%. 
The crisper 100 is housed within a refrigeration unit, such 60 
that as found in a residential or commercial kitchen envi 
rOnment. 

Examples and Experimental Data 
65 

The following experimental data compared the post 
harvest degradation of bananas and tomatoes in various 

8 
conditions. The control (“room condition') temperatures 
ranged from approximately 22°C. to 25°C., while experi 
mental refrigerated temperatures ranged from approximately 
12°C. to 15° C. Relative humidity for control groups was 
maintained at approximately 25% RH to 50% RH, while 
experimental groups were maintained between approxi 
mately 85% RH to 100% RH. Ethylene gas concentrations 
were maintained in control groups between approximately 
0.02 ppm and 0.035 ppm, while some experimental groups 
were maintained between approximately 0.0 ppm and 0.01 
ppm. OZone was not introduced in control groups, while 
Some experimental groups were maintained between 
approximately 0.08 ppm and 0.095 ppm ozone, which is 
within the acceptable level range allowed by the Occupa 
tional Safety and Health Administration (OSHA) regulations 
for Such an application. 

TABLE 1. 

Moisture Loss per Banana? Tomato (after 21 Days 

BANANA TOMATO 

% % 
Moisture Moisture 

STORAGE CONDITION Mass Loss Mass LOSS 

OZONE TREATED 18.1 g 10.5% 3.4g 2.6% 
(13° C.) 
OZONE - ETHYLENE 12.1 g 5.3% 2.1 g 1.6% 
SCRUBBING (13° C.) 
AMIBIENTROOM 86.2 g 38.4% 7.2g 5.5% 
TEMPERATURE 

*Note: 

The standard error of the mean between treatments for bananas is 27.8g and for tomatoes 
is 1.5g 

Bananas and tomatoes were generally weighed every 2 
days to track moisture loss. Table 1 Summarizes the amount 
of moisture lost per individual banana or tomato for each 
storage condition. There was only a minimal discrepancy 
between the amount of moisture lost in the two 13° C. 
storage treatments. Moisture loss was lower in the treatment 
with additional ethylene scrubbing for both bananas and 
tomatoes, but the difference was within the standard error 
and thus was not statistically significant. However, fruit left 
exposed to the ambient/room temperature conditions were 
found to lose much more moisture. From these results, it can 
be concluded that lower temperatures with higher RH result 
in improved water retention in these fruit. Furthermore, it is 
possible that the removal of additional ethylene using eth 
ylene scrubbing Sachets may improve the water retention. 

TABLE 2 

Banana Firmness Evaluated at 6 mm Deformation (Force in kg 

OZONE & ETHYLNE 
OZONE SCRUBBING CONT (ROOM 
(13° C.) (13° C.) TEMPERATURE) 

DAY O 4.226 4.159 4.191 
DAY 6 3.522 3.772 1973 
DAY 12 3.031 3.438 1.052 
DAY 14 2.869 3.381 O.6O1 
DAY 16 2.972 3.656 O.391 
DAY 19 2.557 3.013 O.356 
DAY 21 2.534 3.128 O4O2 

Table 2 shows that bananas in both of the 13°C. storage 
treatments exhibited improved preservation offirmness over 
bananas in ambient/room conditions. This is indicated by 
higher force values for the bananas stored at 13° C., par 
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ticularly with the bananas in the ozone with ethylene scrub 
bing treatment. Thus, the treatment with OZone and ethylene 
scrubbing provided better preservation of firmness over the 
treatment with oZone only. 

TABLE 3 

Tomato Firmness Evaluated at 3 mm Deformation (Force in kg 

OZONE & ETHYLNE 
OZONE SCRUBBING CONT (ROOM 10 
(13° C.) (13° C.) TEMPERATURE) 

DAY O 3.004 2.988 2.959 
DAY 06 2.354 2.418 1.533 
DAY 12 2.168 2.291 1.192 
DAY 14 2.187 2.197 1.2O7 15 
DAY 16 2.142 1967 1.367 
DAY 19 1.825 1541 1197 
DAY 21 1619 1468 1.082 

Table 3 shows that tomatoes in the 13° C. storage treat- 20 
ments generally exhibited improved preservation of firm 
ness compared with tomatoes in the ambient/room tempera 
ture treatment. This is indicated by elevated force values for 
the tomatoes stored in 13° C. Storage conditions compared 
with the lower force values observed with tomatoes stored in 25 
the ambient/room conditions. Minimal distinction can be 
seen between the firmness in tomatoes stored in the oZone 
treatment and the treatment with ozone and ethylene scrub 
bing. 
Ozone concentration in the 13°C. storage treatments were 30 

effectively regulated and maintained within permissible lev 
els as established by OSHA regulations. The presence of 
ozone in the 13° C. treatments effectively reduced the 
ethylene concentration by about 2/3, while the treatment with 
additional ethylene scrubbing further reduced the ethylene 35 
concentration to essentially negligible levels. 
The tomatoes and bananas that were held in the ambient/ 

room temperature conditions on the countertop were 
observed to be exceptionally shriveled and soft after only 6 
and 12 days, respectively. Tomatoes in this storage condition 40 
were also found to have mold growth after 14 days particu 
larly near the stem end. It was also determined that produce 
exposed to the ambient/room temperature conditions lost a 
significant amount of moisture over the 21 day trial. Fur 
thermore, firmness measurements using a Texture Analyzer 45 
Plus (Stable Micro Systems) found that both the bananas and 
tomatoes had severely softened in the room temperature 
storage condition. Thus, storage in the ambient/room tem 
perature treatment resulted in considerably diminished pro 
duce quality. 

10 
Bananas and tomatoes held at 13° C. exhibited signifi 

cantly better maintenance of quality compared with produce 
stored in the ambient/room temperature conditions. Water 
retention was further improved in the treatment using oZone 
with additional ethylene scrubbing. Better color retention 
was also observed for both the bananas and tomatoes that 
received ozone with ethylene scrubbing. Greater levels of 
brown-spotting were observed in the bananas treated with 
only ozone than those treated with ozone and ethylene 
scrubbing. Additionally, more extensive shriveling and tear 
ing of tomato flesh was observed with only ozone than with 
oZone plus ethylene Scrubbing. Banana firmness was also 
best preserved in the fruit stored in the ozone with ethylene 
scrubbing treatment. Thus, storage at 13° C. using oZone 
with additional ethylene scrubbing resulted in the highest 
quality produce. 
What is claimed is: 
1. A crisper drawer for postponing postharvest deteriora 

tion comprising: 
a. a drawer housing having a substantially sealable inte 

rior chamber for storage of produce; 
b. an ethylene scrubber; 
c. a coronal discharge circuit, the coronal discharge circuit 

affixed to the interior chamber; and 
d. an OZone level controller in communication with the 

coronal discharge circuit; 
e. whereby the ozone level controller turns off the coronal 

discharge circuit in response to ozone levels above 0.15 
ppm, and turns on the coronal discharge circuit in 
response to ozone levels below 0.05 ppm. 

2. A crisper drawer according to claim 1, further com 
prising: 

a. a heating element; 
b. whereby the heating element activates to increase a 

temperature within the crisper drawer when the tem 
perature within the crisper drawer falls below the 
temperature outside the crisper drawer. 

3. A crisper drawer according to claim 1 wherein the 
ethylene scrubber comprises a media impregnated with 
potassium permanganate. 

4. A crisper drawer according to claim 3 wherein the 
media impregnated with potassium permanganate is selected 
from the group consisting of alumina, silica gel, Vermiculite, 
and Zeolite. 

5. A crisper drawer according to claim 1, further com 
prising: 

a. a humidity controller: 
b. whereby the humidity controller maintains humidity in 

the chamber between 80 percent and 100 percent. 
k k k k k 


